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REMARKS 

Claims 1-73 were originally pending in the present application. After restriction and 
election, however, Claims 24-29, 32-44, 46, 51-53, 56, 60, 61, and 68-73 have been withdrawn 
from consideration as drawn to non-elected species. Only Claims 1-23, 30, 31, 45, 47-50, 54, 
55, 57-59, and 62-67 are at issue. Claim 50 has been amended to correct the grammar by 
removing a unintentionally duplicated phrase. 

The Examiner has objected to Claims 6-10, 57-59, 62 and 65-67. The Examiner has 
determined that these claims evoke 35 U.S.C. 112, 6 th paragraph, which permits claims to "be 
expressed as a means or step for performing a specified function without the recital of structure, 
material, or acts in support thereof. . . ." The Examiner has, therefore, objected to the claims for 
the reasons set forth in the objection to the specification above. 

Claims 1, 2, 4-19, 21-23, 30, 31, 45, 47-50, 54, 55, 57-59, 62-64 and 67 have been 
initially rejected under 35 U.S.C. 102(b) as anticipated by U.S. Patent No. 5,630,799 to Beiser et 
al. ("Beiser"). Claims 1-14, 48-50, 54 and 55 stand initially rejected under 102(b) as anticipated 
by U.S. Patent No. 4,803,626 to Bachman et al ("Bachman"). Claims 1-23, 30, 31, 45, 47-50, 
54, 55, 57-59 and 62-67 stand further rejected under 102(b) as anticipated by U.S. Patent No. 
4,998,914 to Wiest et al. ("Wiest"). 
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A. 35 U.S.C. 102(b) Rejections 

The Examiner has rejected all pending claims as anticipated by one of either Beiser, 
Bachman, or Wiest. Specifically, in section no. 5 of the recent Office Action, the Examiner has 
stated: 

"Beiser discloses an infusion system having a length of tube 2, controller 5, flow 
valve 101a, pressure sensor 257, memory (col. 4, lines 53-54), display 5b, 
network communication 13, power source (col. 7, lines 33-34) and pump 4." 

Section no. 6 reads: 

"Bachman discloses a system for delivering fluid having a tube (unnumbered), 
control 32, flow sensor 22, flow valve 29, pressure sensor 24, memory (col. 6, 
line 50 - col. 7, line 47), display 30, processor 100 (means for network 
communication), power source (unnumbered) and pump (col. 1, lines 35-39)." 

Finally, in section no. 7, the Examiner states: 

"Wiest discloses an infusion set having a tube 9, controller 12, flow sensor 16, 
flow valve (see claim 1 1), pressure sensor 5, memory 22, display 12, means for 
network communication 20 and pump 4." 

The Applicants respectfully traverse these rejections and request the Examiner to 
reconsider in light of the remarks herein. 

In order for a reference to act as a § 102 bar to patentability, the reference must teach 
each and every element of the claimed invention. Kalman v. Kimberly-Clark Corp. , 713 F.2d 
760, 771 (Fed. Cir. 1983). Without the required teaching of "each and every element" as set 
forth in the claims, it is improper for the Examiner to continue such rejections under §102. 
Applicants submit that the cited references fail to provide the necessary teaching of each and 
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every element of the rejected claims and, therefore, the Examiner's current rejections under 35 
U.S.C. 102(b) are not supportable. 

1. The Rejected Independent Claims 

Independent Claims 1, 11, 15, 16, 19, 30, 45, 48, 57 and 62 each contain the requirement 
of either a "micro-electromechanical system (MEMS) element," a "MEMS element," or 
specifically a "MEMS pump." The remaining dependent claims are likewise limited. 

The present specification discloses that the MEMS element may be "various types of 

pumps, a flow valve, a flow sensor, tubing, a pressure sensor or combinations of elements." 

(Page 4, lines 14-15). That is not to say that any pump, valve or sensor would satisfy the MEMS 

requirement of the pending claims. In fact, the term "MEMS" as it is used in the present 

application and by those skilled in the art, has a specific connotation when referencing 

components. The specification discloses on page 4, lines 4-13, that: 

"MEMS is a technology used to create tiny devices which can be less than a 
millimeter in size. MEMS elements are typically fabricated from glass wafers or 
silicon, but the technology has grown far beyond its origins in the semiconductor 
industry. Each device is an integrated micro-system on a chip that can 
incorporate moving mechanical parts in addition to optical, fluidic, electrical, 
chemical and biomedical elements. The resulting MEMS elements are responsive 
to many types of input, including pressure, vibration, chemical, light, and 
acceleration. These devices are smaller than conventional machines used for 
sensing communication and actuation. As a result, it is possible to use them in 
places where mechanical devices could not be traditionally used. MEMS devices 
also work at a higher rate and consume less power than conventional devices." 

The present invention has numerous advantages over prior art systems which utilize 

conventional components. In one claimed embodiment of the invention, the MEMS elements are 
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considered disposable, in large part due to the inexpensive cost of mass producing these micro- 
machined components. In all the claimed embodiments the MEMS component is attached to the 
tubing of the system. The cited references fail to disclose or teach a MEMS component of any 
kind, let alone these specific claimed aspects of the present invention. Accordingly, the 
Applicants traverse the Examiner's rejection of the pending claims. 
2. The Cited References 

Beiser is directed to a "Fluid Management System" and relates to apparatus for supplying 
liquid under pressure to a body cavity during an endoscopic procedure. Beiser teaches the use of 
a "dynamic pump means, such as a centrifugal pump." (Col. 1, In. 45-48). The exact pumps are 
defined, Beiser states, "in the classification of pumps set forth in Pump Handbook, Edited by IJ. 
Karassik et al., Second Edition, McGraw-Hill Book Company, pages 1.2-1.5...." Beiser contains 
no mention of using MEMS technology. 

Further, Beiser is concerned with an apparatus for maintaining a precise body cavity 
pressure which is insensitive to changes in liquid supply, body cavity volume, or outflow rate 
from the body cavity. This is an important issue for endoscopic procedures where body cavity 
pressures can be unsafe it they get too high — e.g., where outflow from the cavity is blocked — or 
too low — e.g., where there is leakage from the body cavity. This is very different than the 
present invention, which is focused on providing an enhanced infusion system for drug delivery 
to a patient. 
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Accordingly, Beiser would not render obvious the pending claims because it lacks the 
necessary teaching and motivation to combine with another reference directed to MEMS 
components. Until the invention of the present application, those skilled in the art were content 
to use cassette pumps and the like with linesets for drug delivery. Reconsideration of the 
pending claims and withdrawal of the Examiner's rejection as to Beiser is clearly warranted. 

As to Bachman, the disclosed invention is directed to a monitoring and control system for 
a mobile material distribution apparatus. In short, it is related to a controller for a farm sprayer 
and/or spreader. While Bachman does disclose the use of a pump, valves and sensors working in 
cooperation with one or more supply lines, it does not make any mention of MEMS components 
as required by the claims of the present invention. 

Further, Bachman is clearly unrelated and non-analogous to the field of the invention of 
the present application. No person skilled in the art would consider references directed to farm 
equipment controllers when faced with a problem such as creating inexpensive and accurate 
lineset systems in the field of medical delivery. Accordingly, the Examiner's rejection of the 
present claims as anticipated by Bachman is without merit since the reference fails to teach the 
use of MEMS components attached to a lineset. Any further rejection of the claims, such as 
incorporating Bachman in an obviousness rejection, would also be unwarranted, as Bachman 
fails to address any of the problems toward which the present invention is directed. 

Finally, Wiest is directed to a procedure for the perfusion of body cavities with fluid from 
a dispensing reservoir. Like Beiser, Wiest is concerned with maintaining a suitable pressure 



REPLY TO NOVEMBER 26, 2003 ACTION 

Application No. 10/040,887 
Kowalik et al. 

Page 17 

within a body cavity. Also like Beisef , Wiest does not teach the use of MEMS components 
attached to a lineset as required by the pending claims. Wiest discloses "a pump 4, constructed 
specifically as a peristaltic pump" (col. 3, In. 6-7) which is electrically connected to a medical 
instrument such as an endoscope (col. 3, In. 8-13). The pump does appear to be operatively 
attached to perfusion line 10 to deliver fluid to a body cavity. It is unclear whether the pump is 
physically attached to the tubing during pre-operating intervals. Regardless, the pump disclosed 
by Wiest is not a MEMS pump, nor does Wiest disclose the use of any MEMS elements. 

Wiest also fails to meet an obviousness standard of analysis. That is, Wiest teaches away 
from the direction of the present invention. Faced with a problem of precisely measuring 
pressure inside a body cavity, Wiest concludes that "the pressure sensor would have to be 

positioned at a distal end of the medical instrument " (Col. 1, In. 27-29). However, Wiest 

states, such an arrangement "is disadvantageous" because "a miniature pressure sensor becomes 
necessary" and "is relatively expensive." (Col. 1, In. 30-36). Those skilled in the art would be 
taught that miniature components, such as MEMS components, would be a disfavored 
modification to the Wiest design. Accordingly, an obviousness rejection which combines Wiest 
with any other reference would be without merit. 

3. ' The Rejected Dependent Claims 

Claims 2-10, 12-14, 17, 18, 20-23, 31, 47, 49, 50, 54, 55, 58, 59, and 63-67 are dependent 
on at least one of the discussed independent claims. In accordance with 35 U.S.C. 112, fourth 
paragraph, each of these claims is considered to "incorporate by reference all the limitations of 
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the claim to which it refers." Therefore, without more, the dependent claims should be 
considered to distinguish over the cited references. Nonetheless, a concise discussion on the 
additional limitations is provided below. 

a. Claims 2, 6, 12, 18, 49, 50 and 54 

Claims 2, 6, 12, 18, 49, 50 and 54 add the further limitation of a controller operably 
connected to the MEMS component. Neither Beiser, Bachman, nor Wiest discloses or suggests 
the use of a MEMS component. Therefore, any argument that these references anticipate or 
render obvious the present claims is without merit. 

b. Claims 3-5, 20-23 and 63-66 

Claims 3-5, 20-23 and 63-66 are related in that each further limits the MEMS component 
to a specific element, such as a flow sensor, flow valve, pressure sensor, or pump. Neither 
Beiser, Bachman, nor Wiest discloses or suggests the use of a MEMS component. Therefore, 
any argument that these references anticipate or render obvious the present claims is without 
merit. 

c. Claims 7-10, 58 and 59 

Claims 7-10, 58 and 59 further modify the controller to include one of either a means for 
storing information, a means for displaying information, or a means for network communication. 
The controller, as discussed previously, is operably connected to a MEMS component. Neither 
Beiser, Bachman, nor Wiest discloses or suggests the use of a MEMS component. Further, none 
of these references discloses or suggests a means for network communications as required by 
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claims of the present invention. The use of such means permits full automated control and 
interrogation of the MEMS element into an information management system. Such control is not 
warranted by the inventions of the cited references. Therefore, any argument that these 
references anticipate or render obvious the present claims is without merit. 

d. Claims 13, 17, 31 and 67 

Claims 13, 17, 31 and 67 add the further limitation of a power source operably connected 
to the MEMS element. Neither Beiser, Bachman, nor Wiest discloses or suggests the use of a 
MEMS component. Therefore, any argument that these references anticipate or render obvious 
the present claims is without merit. 

e. Claims 14, 47 and 55 

Claims 14, 47 and 55 modify existing claimed components such as the power supply, the 
tubing, and the MEMS pump to be disposable. Each of these components is operably connected 
to a MEMS component. Neither Beiser, Bachman, nor Wiest discloses or suggests the use of a 
MEMS component. Therefore, any argument that these references anticipate or render obvious 
the present claims is without merit. 
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CONCLUSION 

Claims 1-73 are currently pending in the present application. Claims 24-29, 32-44, 46, 
51-53, 56, 60, 61 and 68-73 have been withdrawn as directed to a non-elected species, leaving 
Claims 1-23, 30, 31, 45, 47-50, 54, 55, 57-59, and 62-67 for examination. The Examiner has 
initially rejected all claims under 35 U.S.C. 102(b). The Examiner has also objected to the 
specification and has required amendment to comply with 37 C.F.R. 1.75(d) and MPEP 
608.01(o). Applicants have argued against the Examiner's rejections based upon references to 
Beiser, Bachman, and Wiest and shown that each fails the required "each and every element" 
analysis to support a 102(b) rejection. Further, Applicants have shown that the same references 
fail any reasonable obviousness analysis when considered alone or in combination with any 
other cited reference. In light of the above-remarks, Applicants believe all considered claims are 
now in condition for allowance. Reconsideration of these claims is respectfully requested. 
Applicants understand that should any generic claims be finally held allowable, then the species 
of the withdrawn claims will be considered allowable as well. 
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If it would expedite the progress of this Application through the examination process, the 
Examiner is authorized to call the undersigned attorney. 



Express Mail Label No. EV381276165US 
Date of Deposit: February 26, 2004 

I hereby certify that this paper or fee is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service 
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1450, Alexandria, VA 223 13-1450. 
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DESCRIPTION TECHNOLOGY CENTER 
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Technical Field 

The present invention generally relates to a medical fluid flow control system such as an 
infusion system, and more particularly to a method and apparatus for control of such systems using 
a micro-electromechanical element. 



Background of the Invention 

Generally, medical patients require precise delivery of either continuous medication or 
medication at set periodic intervals. Medical fluid flow control systems that include medical 
pumps have been developed to provide controlled drug infusion. Using the pump, the drug can 
be administered at a precise rate that keeps the drug concentration within the therapeutic margin 
and out of a possible toxic range with certain drugs. These high priced medical pumps provide 
appropriate drug delivery to the patient at a controllable rate that does not require frequent 
medical attention. 

These pumps are often part of an infusion system that is typically used to deliver 
medication to a patient. In the case of chronic pain, an infusion system is used when oral or 
topical medications fail to provide effective pain relief or cause uncomfortable side effects. An 
infusion system may also be used when delivering medication to a specific site or organ is more 
effective or causes fewer uncomfortable side effects than delivering the medication 
systematically to the entire body. The use of an infusion system allows a physician to target sites 
within the body for more effective delivery of a medication. The infusion system can deliver 
medication to a patient at a controlled rate as prescribed by a physician. 

A medical fluid flow control system can be an infusion system wherein a medication is 
delivered to a patient, or a draw-type system wherein a fluid is taken from a patient and delivered 
to a separate container. The system typically includes several different components including 
tubing, a pump, a reservoir, a spike and access port. The system could also have other 
components such as valves and sensors. The components of the system must remain sterile. 
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Some components such as the tubing, container, spike and access port are typically disposable. 
Other components may be durable or reusable elements such as the pump, valves and any 
required electronic controllers or power supplies. These components are typically bigger, 
expensive pieces of equipment. These components must also be sterilized prior to their next use. 
5 This can be expensive and time-consuming. Furthermore, as the pump is often the most costly 
reusable element of the system, there is increased pressure to use a pump that is less costly and 
smaller in size, but that can still deliver a medication in a controlled, accurate manner. 

Thus, it is desirable to have a medical fluid flow control system that uses as many 
disposable elements as possible. These components are typically less expensive and do not 
10 require repeated sterilization as they can simply be discarded. Such a system also reduces 
maintenance concerns. 

The present invention is provided to solve these and other problems. 

Summary of the Invention 
15 The present invention is generally directed to a medical fluid control system. 

According to a first aspect of the invention, the system preferably includes a length of tube 
and a micro-electromechanical system (MEMS) element operably connected to the tube. In one 
preferred embodiment, the element is a MEMS pump. The system can be disposable and 
implemented with a reusable controller and power source. Other additional elements that may be 
20 included in the system are flow valves, flow sensors, and pressure sensors. 

According to another aspect of the present invention, a wireless controller is provided to 
control the MEMS element. The controller may control the element from a remote location. 

Other advantages and features of the present invention will be apparent from the following 
description of the embodiments illustrated in the accompanying drawings. 

25 

Brief Description of Drawings 

F1G.1 is a schematic diagram of an embodiment of a medical fluid flow control system 
where a micro-electromechanical system (MEMS) element is connected to a line-set; 

FIG.2 is a schematic diagram of another embodiment of the medical fluid flow control 
30 system where a MEMS element and other components including a controller are connected to a 
line-set in another configuration; 



FIG.3 is a schematic diagram of another embodiment of the medical fluid flow control 
system where a power source is connected to the line-set and is operably connected to a MEMS 
pump; 

FIG.4 is a schematic diagram of another embodiment of the medical fluid flow control 
system where MEMS element communication with the controller is wireless; and 

FIG. 5 is a schematic diagram of another embodiment of a medical fluid flow control 
system where the system can be implanted in a body. 

Detailed Description 

While this invention is susceptible of embodiments in many different forms, there is shown 
in the drawings and will herein be described, in detail, preferred embodiments of the invention. 
The present disclosure is to be considered as an exemplification of the principles of the invention 
and is not intended to limit the broad aspect of the invention to the embodiments illustrated. 

Referring to the drawings, FIG. 1 discloses a medical fluid flow control system of the 
present invention, generally referred to with the reference numeral 10. The medical fluid flow 
control system 10 can be configured as an infusion system wherein, for example, a liquid 
medication is delivered by the system 10 to a patient. It is understood, however, that the system 10 
can also be configured as a draw system wherein fluid is taken from a patient and delivered to a 
container. The medical fluid flow control system 10, in one preferred embodiment, may be in the 
form of a line-set. The line-set is preferably designed for single use only, disposable after use by 
patients. The system 10 generally includes a section of tubing 12 and a micro-electromechanical 
system (MEMS) element 14. 

The tubing 12 has a first end 16 and a second end 18. The first end 16 of the tubing 12 is 
adapted to be operably connected to a fluid source (a first component) such as an IV bag 20 or other 
type of reservoir or container via any known means for connecting or attaching . The first end 16 
may have a separate connector 22 to connect to the bag 20. The second end 18 of the tubing 12 is 
adapted to be in communication with, for example, a patient. To that end, the second end 18 may 
be equipped with an access device 24. The access device 24 can be in the form of a connector for 
attachment to, for example, a cannula, catheter, syringe, IV line, or any of several other known 
medical instruments or devices (a second component). The tubing 12 has a generally cylindrical 
wall 26 defining an interior passageway therethrough 28. 
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The tubing 12 can be of any suitable medical grade tubing used for procedures requiring a 
transfer of fluid from at least one source site to at least one recipient site. Exemplary tubing is 
described in U.S. Patent Application No. 08/642,278, entitled "Method of Using Medical 
Tubings in Fluid Administration Sets," and U.S. Patent No. 6,129,876, entitled "Heat Setting of 
5 Medical Tubing," each filed on May 3, 1996, and assigned to the Assignee of this application. 
Each of these documents is hereby incorporated by reference. 

As further shown in FIG. 1, the micro-electromechanical system (MEMS) element 14 is 
connected to the tube 12. MEMS is a technology used to create tiny devices which can be less 
than a millimeter in size. MEMS elements are typically fabricated from glass wafers or silicon, 
10 but the technology has grown far beyond its origins in the semiconductor industry. Each device is 
an integrated micro-system on a chip that can incorporate moving mechanical parts in addition to 
optical, fluidic, electrical, chemical and biomedical elements. The resulting MEMS elements are 
responsive to many types of input, including pressure, vibration, chemical, light, and 
acceleration. These devices are smaller than conventional machines used for sensing, 
15 communication and actuation. As a result, it is possible to use them in places where mechanical 
devices could not be traditionally used. MEMS devices also work at a higher rate and consume 
less power than conventional devices. 

The MEMS element 14 can be a number of different components including various types 
of pumps, a flow valve, a flow sensor, tubing, a pressure sensor or combinations of elements. 
20 Because of the actual size of the MEMS element 14, it is understood that the MEMS element 14 
is shown schematically in the figures. The MEMS element 14 comprises means for supplying 
power, which may include be powered by a battery, power supply, or other source of power if 
necessary. The embodiment shown in FIG. 1 has the source of power and controller as part of 
the MEMS element 14. As described below, the power source may be separate from the MEMS 
25 element 14. The position of the fluid source 20 indicates that gravity may affect the flow within 
the line-set. 

In one preferred embodiment of the system 10, the MEMS element 14 comprises a means 
for pumping, is-a MEMS pump 14. As discussed, the MEMS pump 14 in FIG. 1 has an integral 
power supply. The MEMS pump 14 is capable of pumping fluid contained in the IV bag 20 
30 through the tube 12, out through the access device 24, and into a patient. Once the medication 
delivery is complete, the system 10 (the tube 12 and MEMS pump 14) can be discarded. It is 
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understood that the IV bag 20 and access device 24 could be considered as parts of the system 10 
and can be disposable. 

The medical fluid flow control system 10 is capable of many configurations. Additional 
elements, including MEMS elements 14, can be added to the system 10. FIG. 2 shows the 
5 system 10 with additional elements. Similar elements will be referred to with like reference 
numerals. 

In this form, a MEMS pump 32 is connected to the tubing 12. The MEMS pump 32 has a 
MEMS local electronics element 36 attached thereto. The MEMS electronics element 36 
operablv connects with an external, durable MEMS controller 38. As described in greater detail 

10 below, a MEMS flow sensor 30 and a MEMS valve element 34 are also connected to the tubing 
12. In a preferred form of the MEMS pump 32, the MEMS electronics element 36 is embedded 
therein and provides the system 10 with means for storing information as it can preferably store 
MEMS parametric operational information. The MEMS controller (also referred to as means for 
controlling the MEMS element) 38, with its electronics and power source, are is physically 

15 connected to the MEMS electronics element 36. Thus, alternatively, the parametric operational 
information may be loaded from the detachable MEMS controller 38 preferably having means for 
storing such information . In another embodiment, the power source may also originate from the 
MEMS controller 38. It is understood that the power source could be a MEMS element power 
source or a power source in other forms known in the art. The MEMS controller 38 may be 

20 functionally coupled to the MEMS electronics 36 by a variety of methods including the plug type 
connection depicted. The system may contain one or multiple electrical connection sites 36 for 
interface to the durable MEMS controller 38. The MEMS electronics 36 may then be used to 
locally govern the mechanics of the MEMS pump 32. The controller 38 may also comprise a 
means for displaying information, which could be any of the structures and devices currently 

25 known by those skilled in the art. 

The flow sensor 30 can be added to the system 10 as a means for sensing flow to enable 
more accurate fluid delivery. The flow sensor 30 could also take the form of a means for sensing 
pressure, i.e., a pressure sensor^ if desired. The valve element 34 could alone be added to the 
typical system to allow metering from a pressurized or otherwise forced system. The flow sensor 

30 30 and valve 34 are two means which can assist in controlling the rate of flow and the direction 
of flow in micro-fluidic circuits and devices in conjunction with the MEMS pump 32. If desired, 
the system may also include other means for controlling fluid flow through the MEMS element 



such as a slide clamp or other more traditional auxiliary features. A slide clamp may be 
particularly useful to manually occlude flow in the case of an alarm indicating pump malfunction 
in a case where the MEMS componentry is normally open. These MEMS elements could be 
fabricated as one monolithic unit to be added to the system 10 or as separate elements. 

The delivery process may implement a normally closed valve 34 or pump 32 designed to 
open and allow fluid flow only upon sufficient power and appropriate communication transfer to 
the local electronics element 36 from the controller 38, thereby providing a no-flow condition 
without the use of cumbersome mechanical devices. This normally closed feature may be 
integrated directly within other MEMS componentry such as the pump 32 or as a separate 
MEMS element. 

Preferably, the pump element 32 generates the fluid flow through a tube 12 based on 
information stored locally within the MEMS electronics 36. This information is preferably 
downloaded from the means for storing information of the detachable MEMS controller 38. The 
direction of fluid flow is preferably from the fluid source 20 into the first tube end 16, directed by 
the pump 32, through the second tube end 18 to the access device 24 as in medical infusion. In 
medical infusion configurations, the access device 24 is typically a catheter or needle. The 
source of fluid in medical infusion devices is generally the IV bag 20 or some type of container. 
The pump element 32 is instructed by the local MEMS electronics 36 to deliver a controlled 
amount of medication through the tube 12 to a patient. In the system configuration shown in 
FIG. 2, the sole reusable element is the controller 38 while the remaining elements can be 
disposable. The controller 38 can control the pump element 32 in a variety of different ways. It 
can supply intermittent power or power such that the pump element 32 will run in a "slow mode" 
or a "fast mode." The controller 38 can supply the power and instructions to the pump element 
32 as desired. 

Fluid could potentially be directed to flow in the opposite direction. In this embodiment, 
fluid is drawn by the access device 24, into the second end 18 of the tube 12, due to the action of 
the pump element 32, with its valves 34 and sensors 30, through the first end 16 of the tube 12, 
and into the reservoir 20. The medical fluid flow control system 10, in this draw configuration, 
can be preferably regulated by the use of the pump controller 38 that is electrically connectable to 
the pump electronics element 36. 

Referring now to FIG. 3, there a diagram of yet another embodiment of the present 
invention. A power source 50 such as a small battery, fuel cell, or other power supply is added to 



the system 10 to further decrease the amount of functionality within the durable controller 
element 38. The power source 50 is preferably connected to the tubing 12 and operably 
connected to a MEMS pump element 52 similar to the MEMS pump element 32. The operable 
attachment or connection between the power source and the MEMS element may be 
accomplished by any of the means known to those skilled in the art. The power source 50 is 
designed to last for the life of the MEMS portion of the system. In one embodiment utilizing a 
fuel cell, the fuel cell 50 is provided as an integral component to an outer surface of the tubing 
12. By integral it is meant that the fuel cell 50 is permanently attached to the tubing surface 26 
by any suitable means. The power source 50 will also have any necessary activating structure to 
commence the supply of power. The fuel cell 50 may be any of a myriad of fuel cell designs 
available and suitable for such use with a line-set such as disclosed in commonly-owned U.S. 
Patent Application Number 10/040,908 , Attorney docket number 99-6624 (1417 G P 446) 
entitled "Medical Infusion System with Integrated Power Supply and Pump Therefore," filed 
concurrently herewith and expressly incorporated by reference herein. While the power supply 
50 is shown in FIG. 3 as connected to the MEMS pump 52, it is understood that the power 
supply 50 could be operably connected to other components as desired. 

The use of MEMS or other emerging economical fabrication techniques provides an 
opportunity to add a MEMS element to a disposable line-set that provides additional 
functionality such as pumping, valving, and sensing. Some or all of the supporting local 
electronics could be included in a disposable portion of a line-set as well. For example, it may be 
preferable to include , as means for storing information, a memory chip that contains calibration 
information for a pump 52, pressure sensor and/or flow sensor 30, valve 34, or a combination of 
disposable elements. Disposability is desirable as it removes the need for costly sterilization of 
the components of the system between each subsequent application. 

The durable controller 38 is designed to stimulate fluid distribution quantities directly to 
the MEMS element 52. This type of controller 38 can be utilized for multiple applications, thus 
making it reusable. The controller 38 would need minimal alterations for similar reapplication. 
For example, the dosage for a new patient must be reconfigured by the MEMS element 52 via the 
reusable controller 38. Such a line-set may in fact be a complete infusion and extrusion system 
contained in a very small package. 

In a preferred embodiment shown in FIG. 3, the MEMS pump element 52 would contain 
electrical connectivity to enable interface to the durable controller 38 that would control the 
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pump 52 to maintain a desired flow rate. The MEMS pump element 52 can be disposed of with 
the rest of the disposable components of line-set. The electronics of the controller 38 and any 
type of case or user's interface would be maintained as a durable, reusable system. 

Turning now to FIG. 4, there is pictured a schematic diagram of still another embodiment 
5 of the present invention. In this configuration, the system 10 may utilize wireless 
communication. A MEMS pump 64 is connected to the tube 12. A power supply 62 is 
connected to the tube and is operably connected to the pump 64. A wireless controller 66 is 
provided to control the MEMS pump 64. Wireless communication removes the previous 
requirement of developing electrical connectivity for the disposable line-set. A wireless linkage 

10 will also reduce the complexity of the line-set usage since it will not need to be loaded in as 
specific a manner as would be the case with hard wired electrical connections. Wireless 
communication linkage also provides flexibility in terms of usage, for example allowing a 
disposable, implantable MEMS pump 64 to be controlled by an external system controller 66. It 
is understood that in a wireless configuration, the MEMS pump 64 will be equipped with 

15 appropriate support structure such as to collect energy transmissions and translate power/control 
to the pump. 

In this configuration, the durable, or reusable, wireless controller 66 would communicate 
via an inductive or capacitive wireless link, with the MEMS pump 64. It is understood that 
wireless communication could be established with other MEMS components. The MEMS pump 

20 64, or other MEMS components would be disposable but would be provided with the necessary 
power and electronics to function properly. For example, the disposable elements may require 
electronics to support the transfer of information from the disposable elements back to the 
durable controller 66. It is preferable, however, to include as much of the electronics as possible 
in the durable controller 66 rather than with disposable elements. It may be desirable to maintain 

25 sufficient electronics on the disposable side to accept, store, and interpret packets of instruction 
sets and power so as to reduce required real-time interaction between the durable and disposable 
portions of the system. 

Preferably through means for network communication, the durable system controller 66 
may in turn provide a transfer of information to and from a LAN or other network as a means to 

30 fully automate the control and interrogation of the MEMS element 64 into an automated 
information management system. Optimally, system control and parametric adjustments can be 
achieved by wireless communication from and to a MEMS system controller 66. 
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FIG. 5 discloses another embodiment of the medical fluid flow control system 10 of the 
present invention wherein the system 10 is designed to be implantable within a body. The system 
10 comprises means for permitting implanting the line-set within a body including utilizing utilizes 
a fluid source or reservoir 70 that is substantially smaller than a conventional IV bag and is 
5 disposable. Preferably, a MEMS pump element 72 is connected to the tubing 12. The MEMS 
pump element 72 has a power supply 74 connected thereto. A s a means for controlling the 
MEMS element, wireless controller 76, designed to be remote from the body, communicates 
wirelessly with the MEMS pump element 72. Thus, all components of the system 10 in FIG. 5 
except the controller 76 are designed to be implanted in the body. The durable wireless 

10 controller 76 provides the system with the parametric data that the local electronics of the MEMS 
pump element 72 needs to perform infusion or extrusion. The system 10 preferably has a means 
for storing and displaying the infusion or extrusion data. 

The fluid reservoir 70 may be refillable and the disposable pieces of the system may 
include other components such as MEMS valves 34 or sensors 30. Significant advantages over 

15 existing methodology include the transfer of mechanical features from a durable system to a 
disposable portion of the system. This design allows for cheaper construction of the pump 
controller 76 or durable system 76 and longer-term reliability since the durable system 76 would 
not include mechanical components. This system also provides the opportunity to develop 
completely disposable systems or durable/disposable platforms of various fashions. 

20 In another embodiment, the pump 72 itself rather than the reservoir 70 may store and 

release prescribed amounts of medication into the body. In applications such as an implantable 
system, there may be no need for an access device 24 in the line-set. A hole or port in the pump 
72 may be sufficient to provide a medication exit site from the implanted MEMS system. 

The medical fluid flow control system 10 of the present invention may be used when 

25 more traditional therapies are considered ineffective or inappropriate. In the case of chronic pain, 
an infusion and extrusion system is used when oral, intravenous, or topical medications fail to 
provide effective pain relief or cause uncomfortable side effects. An infusion and draw system 
can commonly be used when delivering the medication to a specific site or organ is more 
effective or causes fewer uncomfortable side effects than delivering the medication systemically 

30 (to the entire body). The use of a medical fluid flow control system allows a physician to target 
sites within the body for more effective delivery of a medication. The use of MEMS technology 
allows more portions of the system 10 to be disposable thus reducing the costs of the system 10. 
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With the use of a MEMS pump having an integral power supply wherein the pump is designed to 
operate at a single desirable flow rate, a separate durable controller can be eliminated. Thus, an 
entire infusion system can be designed from disposable components. 

While the specific embodiments have been illustrated and described, numerous 
5 modifications can be made to the present invention, as described, by those of ordinary skill in the 
art without significantly departing from the spirit of the invention. The breadth of protection 
afforded this invention should be considered to be limited only by the scope of the accompanying 
claims. 



